The average near-infrared (K-band) luminosity of 238 Hipparcos red clump giants is derived and then used to measure the distance to the Galactic center. These Hipparcos red clump giants have been previously employed as I-band standard candles. The advantage of the K-band is a decreased sensitivity to reddening, and perhaps also a reduced systematic dependence on metallicity. In order to investigate the latter, and also to refer our calibration to a known metallicity zero-point, we restrict our sample of red clump calibrators to those with abundances derived from high-resolution spectroscopic data. The mean metallicity of the sample is [Fe/H] = −0.18 dex (σ = 0.17 dex). The data are consistent with no correlation between M K and [Fe/H], and only weakly constrain the slope of this relation. The luminosity function of the sample peaks at M K = −1.61 ± 0.03 mag. Next, we assemble published optical and near-infrared photometry for ∼ 20 red clump giants in a Baade's Window field with a mean metallicity of [Fe/H] = −0.17 ± 0.09 dex, which is nearly identical to that of the Hipparcos red clump. Assuming that the average (V − I) 0 and (V − K) 0 colors of these two red clumps are the same, the extinctions in the Baade's Window field are found to be A V /A I /A K = 1.56/0.87/0.15, in agreement with previous estimates. We derive the distance to the Galactic center: (m − M ) 0 = 14.58 ± 0.11 mag, or R = 8.24 ± 0.42 kpc. The uncertainty in this distance measurement is dominated by the small number of Baade's Window red clump giants examined here.
Introduction
The horizontal branch "red clump" is a landmark feature in color-magnitude diagrams of intermediate-age (∼1-10 Gyr) or very old ( > ∼ 10 Gyr) but metal-rich stellar populations. It has been suggested that red clump giants are standard candles, like their very old and metal-poor cousins, the RR Lyrae variable stars (Cannon 1970) . Red clump giants have recently gained popularity as standard candles because the Hipparcos color-magnitude diagram of the solar neighborhood displays a very prominent red clump (Perryman et al. 1997 ). Paczyński and Stanek (1998) measured the distance to the Galactic center using the Hipparcos I-band calibration of the red clump luminosity. Distance estimates to the Large Magellanic Cloud (LMC) and M31 soon followed Stanek & Garnavich 1998) . At first, the Hipparcos red clump yielded a "short" distance to the LMC, consistent with earlier measurements based on the red clump (Butcher 1977; Seidel et al. 1987) . However, Romaniello et al. (1999) have since obtained a long LMC distance also using the red clump. Extant distance measurements made with the LMC red clump do not agree. Recent theoretical and observational studies of the effects of mean population age and metallicity on the red clump luminosity have been made by Cole (1998) , Girardi et al. (1998) , Udalski (1998 Udalski ( , 1998b Udalski ( , 1999 , Alves and Sarajedini (1999) , and others. Earlier studies include Lattanzio (1986) , Seidel et al. (1987b) , and Olszewski et al. (1987) . Variations in mean population age and metallicity are theoretically predicted to change the red clump luminosity at the ∼20% level. Finally, issues of extinction that potentially affect recent distance measurements made with the red clump have been discussed by Romaniello et al. (1999) , Zaritsky (1999) , and Popowski (2000) .
In the spirit of McGonegal et al. (1982) , who first discussed the advantages of the near-infrared wavelength regime for distance scale work with Cepheid variable stars, we assemble K-band photometry data for 238 Hipparcos red clump giants from the literature, derive a K-band luminosity calibration, and apply it to published K-band photometry of Baade's Window in order to measure the distance to the Galactic center. The advantage of our K-band calibration compared to the Paczyński and Stanek (1998) I-band calibration is a decreased sensitivity to reddening (e.g. Cardelli et al. 1989) , and perhaps also a reduced systematic dependence on metallicity. In order to investigate the latter, and also to refer our calibration to a known metallicity zero-point, we restrict our sample of Hipparcos red clump calibrators to those with abundances derived from high-resolution spectroscopic data (McWilliams 1990) . Udalski (1999) made an important analysis of the M I -[Fe/H] correlation with these same data from McWilliams (1990) .
The Red Clump Data
A. Udalski kindly provided a machine-readable list of Hipparcos catalog identifiers, "Henry Draper Catalog" names (Cannon & Pickering 1918) , and McWilliams (1990) The coordinates of the 284 red clump calibrators were first cross-correlated with released 2MASS data using the NASA Infrared Science Archive (http://irsa.ipac.caltech.edu/). Unfortunately, all 25 stars found carried saturation flags. Therefore, we proceeded to download machine-readable versions of the "Catalog of Infrared Observations, Edition 5" (the "CIO"; Gezari et al. 1999 ) and the "Infrared Source Cross Index" (Schmitz et al. 1987 ) from the NASA Astronomical Data Center archive. The CIO lists every astronomical photometric measurement in the wavelength range of 1 µm to 1 mm published since 1965. Using the Henry Draper Catalog names of our red clump calibrators, we retrieved the various different names for these stars as they may appear in the CIO, and extracted all corresponding entries. Listings of the 2.2 µm flux with flags "M" or "C" (magnitude, or magnitude derived from color) were then assembled. Many of our 284 red clump calibrators were included in the "Infrared Catalog" (designated with "IRC" numbers), also known as the "Caltech Two Micron Sky Survey", or the "TMSS" (Neugebauer & Leighton 1968 , 1969 . We note that all other 2.2 µm (K-band) measurements in the intervening 30 years showed remarkably good agreement with the TMSS data, typically to within 0.01 to 0.02 mag. As many as a dozen 2.2 µm measurements have been published for some of our red clump calibrators, although 1-3 is typical. Table 1 summarizes (1) Henry Draper Catalog name, (2) other names for this star in the CIO, (3) the average 2.2 µm mag for listings in the CIO under the names given in column 2, (4) the Hipparcos identifier, (5) the parallax (π) in units of mas, (6) the parallax error (σ π ) in units of mas, (7) the V mag, (8) the (B − V ) color, (9) the (V − I) color, and (10) the McWilliams (1990) estimate of [Fe/H] . We provide K-band magnitudes for 238 of the 284 red clump calibrators.
As a check of the K photometry, we identified 31 of our red clump calibrators in the Koorneef (1983) standard star list, which is primarily a compilation of Johnson and Glass standards. The Johnson-Glass system has been thoroughly discussed by Bessell and Brett (1988) . For the 31 red clump calibrators that are also standard stars, the K mags in Table 1 show no systematic offset from the standard system, and a standard deviation of 0.014 mag. Therefore, with regard to calculating the absolute magnitudes of the red clump calibrators, the errors associated with the published K-band photometry are probably negligible compared to the uncertainties of the Hipparcos parallaxes.
The K-Band Calibration
The red clump calibrators were preselected to have parallax errors of less than 10% (Paczyński & Stanek 1998) . The mean parallax error of our sample is 5%. We calculate absolute magnitudes and errors using the formulae,
(1)
We assume no foreground reddening for our sample of red clump calibrators (Mendez & van Altena 1998 ).
We present the M I , (V − I) 0 color-magnitude diagram in Figure 1 , which illustrates the color-magnitude cuts orginally employed by Paczyński and Stanek (1998) to isolate the Hipparcos red clump. Clearly, not all of these stars are red clump giants. The M K , (V − K) 0 color-magnitude diagram is shown in Figure 2 . The same stars are plotted in Figures 1 & 2. The primary concentration of red clump giants lies near M K ∼ −1.6 with colors (V − K) 0 ∼ 2.2 to 2.5 mag. The faint extension of the red clump at M K ∼ −1.2 and (V − K) 0 ∼ 2.1 mag has been discussed by Girardi et al. (1998) . The plume of brighter red clump stars seen at (V − K) 0 ∼ 2.1 mag has been discussed by Beaulieu and Sackett (1998) . Some stars with (V − K) 0 > ∼ 2.5 mag are probably giant branch stars, not red clump giants. Finally, the stars at M K ≈ −2.85 and (V − K) 0 ∼ 2.5 to 3.0 mag are probably associated with the asymptotic giant branch bump, and are not red clump giants (e.g. Gallart 1998 , Alves & Sarajedini 1999 .
In Figure 3 , we plot the M K differential luminosity function of the red clump calibrators. It has become customary to fit a linear (or higher order) background plus a Gaussian model to the red clump luminosity function in order to derive the peak magnitude. Inspection of Figure 3 suggests that a linear background is unnecessary, and we instead allow for a constant background level in our fits. Considering the likely contamination of the red clump calibrator sample (i.e,. by the asymptotic giant branch bump at M K ≈ −2.85 mag), we fit the data in the restricted range of −2.5 < M K < −0.8 mag. This portion of the luminosity function is indicated with a solid line in Figure 3 . The excluded red clump data are shown with a dotted line. Our fit is a 3-parameter Gaussian (the center, width, and height of the distribution) plus a constant background in units of stars per histogram bin. The best fit yields M K = −1.61 ± 0.03 mag. The width of the Gaussian component in the model function is σ K = 0.22 ± 0.03 mag. We report the 1σ errors. The best fit model function is shown in Figure 3 with a dashed line. Luminosity functions constructed with different magnitude cuts and histogram bin sizes yield consistent results for the center of the Gaussian; however, the best-fit width of the Gaussian varies systematically at a level comparable to the reported 1σ error. We note that the median value of the red clump sample is M K = −1.62 mag. If we apply a color cut of 2.2 < (V − K) < 2.5, the median value is M K = −1.60 mag. These median values reassure us that the "wings" of the peak in the M K luminosity function (arising partly from contamination of the red clump sample by stars in other stellar evolutionary phases) have not significantly affected our derivation of the K-band red clump luminosity calibration.
In Figure 4 , we plot M K versus [Fe/H] 
A bootstrap analysis confirms the error estimate on the slope. The inverse regression, the bisector regression, the orthogonal regression, and the reduced major-axis regression (Isobe et al. 1990) yield wildly discrepant results. For comparison, if we apply a color cut of 2.2 < (V − K) < 2.5, the ordinary least squares regression yields a slope of −0.36 ± 0.33. Figure 4 suggests no dependence on metallicity. We tentatively recommend no metallicity correction to our K-band red clump luminosity calibration and application only to red clump giants with metallicities in the restricted range of −0.
Finally, we note that these Hipparcos red clump data do not span a very wide range of metallicity, which probably hinders our attempt to detect a correlation between M K and [Fe/H].
Distance to the Galactic Center
The data are taken from Tiede et al. (1995; their field 4b) , who give the dereddened magnitudes and colors 1 . These authors adopt the following extinction coefficients for this field: A K = 0.14, A V = 1.46, and E(V − I) = 0.65 mag. The photometric data presented in Figure 5 are dereddened with these coefficients. Tiede et al. (1995) find [Fe/H] = −0.17 ± 0.09 dex for the mean metallicity of giants in this field, which is based on their own analyses as well as a review of the literature. Thus, the mean metallicities of the Baade's Window and Hipparcos red clumps examined here are nearly identical.
The dereddened K-band brightness of the Baade's Window red clump is calculated as follows. In Figure 6 , we present a differential luminosity function of the Baade's Window giant branch, where we have excluded stars with (V − K) 0 < 3.0, K 0 < 10.5, and K 0 > 15.0 mag. The adopted bin size is 0.15 mag, which was determined after several trials of model fitting, as described below. Inspection of Figure 6 suggests that a Gaussian plus a linear background is an adequate model for the data. The best fit to the data yields < K 0 > RC = 12.98 ± 0.11 mag. This is marked with an arrow in Figure 5 . The best-fit width of the Gaussian component is σ K = 0.15, although σ K = 0.22 (as found for the Hipparcos red clump) is consistent with the data.
In Figure 7 , we present a dereddened color-color diagram. The open circles are the Hipparcos red clump giants with −1.95 < M K < −1.35. The filled circles are the Baade's Window red clump giants with 12.7 < K 0 < 13.2. We note again that these data are dereddened with the extinction coefficients from Tiede et al. (1995) . The solid line is the solar neighborhood giant sequence from Bessell and Brett (1988; see also Fig. 14 of Tiede et al. 1995) . Finally, the reddening vector is shown in the lower right (A K = 0.01 mag). All of the red clump giants lie along the fiducial sequence, and therefore none would be considered anomalous. This is in contrast to Baade's Window giants of later spectral types (i.e., those with (V − K) 0 > ∼ 3.0 mag), which are known to have anomalously red colors (Tiede et al. 1995) . The mean colors of the Baade's Window and Hipparcos red clump giants plotted in Figure 7 are (V − K) 0 = 2.47 and 2.34, and (V − I) 0 = 1.09 and 1.00 mag, respectively. The mean colors of the Baade's Window red clump would shift by ∆(V − K) 0 = −0.14 and ∆(V − I) 0 = −0.07 mag, if we adopt the ratios of A V /A K and A I /A K given by Tiede et al. (1995) and revise the Baade's Window extinction by ∆A K = +0.015 mag. In this case, the mean colors of the Baade's Window and Hipparcos red clumps would be very nearly identical. However, given our number statistics, and allowing for small uncertainties in the extinction ratios, we prefer a slightly more conservative correction of ∆A K = +0.01 mag. In summary, we adopt total extinctions of A V /A I /A K = 1.56/0.87/0.15, consistent with other determinations (see discussion in Alcock et al. 1998) , in which case the mean colors of the Baade's Window and Hipparcos red clumps agree to within a few percent.
Based on our analysis of the red clump colors, we revise the dereddened K-band brightness of the Baade's Window red clump to < K 0 > RC = 12.97± 0.11 mag. The true distance modulus to the Galactic center is then (m − M ) 0 = 14.58 ± 0.11 mag, which corresponds to R = 8.24 ± 0.42 kpc. For comparison, Reid (1993) gives R = 8.0 ± 0.5 kpc as the "best" mean of all measurements since 1974. We report only the statistical error, which is dominated by the small number of the Baade's Window red clump giants examined here. The uncertainty in the extinction correction contributes a negligible systematic error. We expect no systematic error from the effects of mean clump metallicity, because the metallicities of the calibrating red clump giants and those in the Galactic bulge are the same. The systematic error from the photometric calibration of the Baade's Window K-band data is ∼2% (Tiede et al. 1995) . Paczyński and Stanek (1998) estimate that volume-sampling effects in the Baade's Window data contribute a negligible ∼2% systematic error. Finally, systematic errors from the effects of mean clump age, helium abundance, or selective elemental enhancement are unknown.
We do not confirm the "color discrepancy" of ∼0.2 mag in (V − I) 0 between the Baade's Window and Hipparcos red clumps found by Paczyński and Stanek (1998; see also Paczyński 1998) . Stanek et al. (1999) and Paczyński et al. (1999) have since published new multi-color optical photometry of the red clump in Baade's Window. As discussed by these authors, the original color discrepancy arose partly from photometric calibration error. For example, Paczyński et al. (1999) now find that the Baade's Window red clump is ∼0.1 mag redder in (V − I) 0 than the Hipparcos red clump. For the same field surveyed by Tiede et al. (1995) , Paczyński et al. (1999) find a mean dereddened color of (V − I) 0 = 1.11 mag. They adopt E(V − I) = 0.60 mag, which corresponds to a mean apparent color of (V − I) = 1.71 mag. For comparison, the Tiede et al. (1995) data plotted in Figure 6 have a mean apparent color of (V − I) = 1.74 mag. Given these similar apparent colors, our analysis of the (V − I) 0 , (V − K) 0 color-color diagram suggests that the remaining ∼0.1 mag color discrepancy in (V − I) 0 found by Paczyński et al. (1999) may be reconciled with a small adjustment of the Baade's Window extinction zero-point (assuming standard extinction ratios). We emphasize that uncertainties associated with the extinction correction contribute a negligible systematic error to our K-band distance measurement.
Conclusion
Hipparcos measured accurate parallaxes for several hundred red clump giants in the solar neighborhood. These stars may be useful standard candles. We have assembled K-band photometry data from the literature for 238 of these Hipparcos red clump giants and calculated the mean absolute magnitude, M K = −1.61 ± 0.03 mag. The advantage of our K-band calibration compared to the previously employed I-band calibration is a decreased sensitivity to reddening, and perhaps also a reduced systematic dependence on metallicity. Using published K-band photometry of Baade's Window, we derive the distance to the Galactic center, R = 8.24 ± 0.42 kpc. The error in this distance measurement is dominated by the small number of Baade's Window red clump giants examined here. Suggestions for future work include refining the distance to the Galactic center by using a larger sample of red clump giants with known metallicities, reddenings, and K-band photometry. Our K-band red clump calibration may also be used to determine the distance to the LMC, which currently serves as the zero-point for the extragalactic distance scale.
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